Introduction
has previously argued that after-school mathematics clubs hold the potential to address some of the challenges that young numeracy learners face. We argue that numeracy clubs can be conceptualised as communities where sense making, active mathematical engagement and participation, and mathematical confidence building are foregrounded. We have elsewhere addressed the challenges of designing the clubs so as to maximise learning in relation to each of these features (Graven & Stott, 2012) . The initial design of these clubs drew largely on Valsiner's (1997) zone theory, which Goos, Dole and Makar (2007a) further developed.
This particular article focuses on how research data and our experiences piloting a Grade 3 mathematics club led to the simplification of our pre-pilot design for the clubs and for the foregrounding of the zone of proximal development (ZPD) (Vygotsky, 1978) as the central organising feature for future club activities. This dialectical praxis illuminates the relationships between theory and practice and how the dialogue between the two elements informs each.
The context
Given the many negative perceptions and poor performance of learners in numeracy in South Africa (Bloch, 2009; Fleisch, 2008; Taylor, Fleisch & Shinder, 2008) , national research funding organisations have begun to invest in research projects that focus on these specific issues. Our work within one such project is focused on both development and research in this field. In development terms we aim to improve the quality of teaching of in-service teachers at primary level and to improve learner performance in primary schools as a result of quality teaching and learning. Our research remit is to grow an area of research that looks towards finding sustainable solutions to the many numeracy education challenges faced in our area.
As part of our developmental work, we work with 15 schools in the greater Grahamstown area in South Africa. Our teacher development program involves working with 57 numeracy teachers (ranging from Grade R to Grade 6) who participate in fortnightly workshops focused on issues and challenges in numeracy teaching.
Learner activities are a key part of our developmental activities and are an area in which we are responsible for working directly with learners rather than via the teachers. As such, we facilitate learner numeracy proficiency by running learner-directed and learner-oriented mathematics activities as well as creating an ethos of 'mathematics is fun' in schools. Some examples of these activities include mathematics bonanzas and mathematics relays. However, many teachers face the challenge that most of their learners do not have the necessary mathematical foundations to be learning at the grade level in which they are placed. In light of this, we decided to implement afterschool mathematics clubs as a more focused and regular learner intervention as a possible way of addressing some of this challenge. These clubs were conceptualised by Graven (2011) as being informal places where learning can take place in out-of-school time and have been elaborated on in previous work by Graven (2011) and Graven and Stott (2012) .
Research paradigm and empirical field
The research of our clubs and the nature of learning within it is informed by a sociocultural theory of learning and is largely interpretive and qualitative, drawing on a range of data collection methods. This article draws on our research experiences from a pilot club that we set up in the second half of 2011 for Grade 3 learners aged between 8 and 10 years in one primary school in Grahamstown. The language of learning and teaching in the school is English but many of the learners speak English as a second or third language. The school in which our pilot club ran is one of the poorer performing primary schools in Grahamstown with regard to numeracy results, as indicated by the Annual National Assessments and data collected by our larger research project. The school was participating in the professional development activities offered by our project. The club ran once a week for an hour after school for 12 sessions. The club consisted of ten learners and two mentors (the authors of this article). The participating learners invited by the Grade 3 class teacher included learners with a range of mathematical proficiencies. Participating learners were those whose parents signed consent forms and for whom after-school transport arrangements could be made. In this sense the learners were an opportunity sample. We specifically chose to work with a small group of ten learners so that both the needs of the whole group and those of the individual clubs learners could be taken into account in the design process and in the sessions themselves.
Conceptualisation of the clubs
We define our mathematics clubs as informal, afterschool clubs focused on developing a supportive learning community where learners can develop their mathematical proficiency, make sense of their mathematics and where they can engage and participate actively in mathematical activities. Individual, pair and small group interactions with mentors were the dominant practices with few interactions with the whole club.
We will briefly unpack some of these ideas here. Firstly, we explain what we mean by 'informal'. From experience with the associated teacher development project in 2011, we intentionally designed the clubs to contrast some of the more formal aspects observed in the classrooms of the participating schools. Some of these contrasts are described in Table 1 .
Based on this initial conceptualisation for the clubs, our specific aim was for the clubs to promote mathematical proficiency as well as active participation. Sfard (1998) describes the differences between two metaphors for learning. 'Learning as acquisition' implies that learning is the acquisition of something which is then stored in the individual. Learning as acquisition theories can be regarded broadly as mentalist in their orientation, with the emphasis on the individual building up cognitive structures. In contrast 'learning as participation' conceives learning as a process of becoming a member of a certain community, which entails the 'ability to communicate in the language of this community and act according to its particular norms' (Sfard, 1998, p. 6) . Whilst some educators argue for the need for a paradigm shift away from (or even rejecting) acquisition perspectives in favour of participation, Sfard suggests that these metaphors are not alternatives, but that each provides different insights into the nature of learning. She argues:
An adequate combination of the acquisition and participation metaphors would bring to the fore the advantages of each of them, while keeping their respective drawbacks at bay. Conversely, giving full exclusivity to one conceptual framework would be hazardous. (Sfard, 1998, p. 11) We have purposely worked with the dialectical nature of these notions of acquisition and participation, drawing on Sfard's 'metaphorical mappings' (1998, p. 7) . Working within the sociocultural paradigm, the tensions between these two approaches are seen as normal. Our design process, based on zone theory (discussed later), allowed us to plan for the types of interventions, activities, socio-mathematical norms and environment we had conceptualised. Zone theory accommodates this dialectical relationship.
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From our experiences, different aspects of the clubs brought elements of either the participation or acquisition metaphors into focus at different times during the club sessions. This will become apparent when we discuss our data collection instruments in the following section. This dialectical approach to working with the two metaphors is by no means unique to our clubs and various studies provide some mathematical examples where this has taken place (Askew, 2004; Goos, Galbraith & Renshaw, 2002; Jaworski & Potari, 2009) . The acquisition and participation metaphors are useful ways of accounting for evolving mathematical proficiency and participation as they occur in the social context of the club. Figure 1 shows our interpretation of Sfard's (1998) metaphorical mappings in our club context. For us the line boundary between the two is intentionally blurred as we needed to work seamlessly with dialectical nature of the two notions in our clubs.
Methods of data collection
During the pilot club, we took the opportunity to pilot the data collection instruments that we planned to use for our research. Sfard (2001, p. 24) draws our attention to the fact that research done under the participationist metaphor umbrella will focus on the growth of mutual understanding and coordination between the learner and the rest of the community (in this case our club) and the focus will turn to the activity itself and to its changing, interactional aspects of learning. This shift of focus implies that attention will need to be given to many factors that may be deemed irrelevant when working with a purely acquisitionist metaphor.
Since we work with both notions in the club, in order to capture both the participationist and acquisitionist aspects in our work, we designed, planned for and used two diverse data collection instruments. The first explored learners' dispositions and participation of the club learners and the second allowed us to assess possible evolving mathematical proficiency in the club learners. For the first instrument, we designed a short interview that allowed us to gain insight into learners' mathematical dispositions and to address the fifth strand of mathematical proficiency described below (Kilpatrick, Swafford & Findell, 2001 ). The two club mentors administered this instrument as a one-to-one interview with each club learner in November 2011 and learner responses were written on the interview script (see Graven [2012] for further information about the evolution of this instrument.)
The second diagnostic instrument focused on collecting data on learners' progress with regard to mathematical proficiency. Our notion of mathematical proficiency draws on Kilpatrick et al.'s (2001) definition of mathematical proficiency. This definition comprises five intertwined and interrelated strands: conceptual understanding, procedural fluency, strategic competence, adaptive reasoning and productive disposition.
This diagnostic instrument for assessing mathematical proficiency progress was derived from work done by Askew and his team during their Effective Teachers of Numeracy study (Askew, Brown, Rhodes, Johnson & William, 1997) ; we were given permission to use it for our research work. We administered an adapted version of it as a whole-club oral interview at two different points in time -once in September 2011 and again in November 2011. By administering this diagnostic instrument in the first few sessions of the pilot club, we had initial data that we could compare later and that allowed us to see if learners' mathematical proficiency was evolving over time. The adapted instrument assessed:
• understanding of the number system, including place value and fractions • methods of computation, including both known number facts and efficient and accurate methods of calculating • solving numerical problems, including complex contextualised word problems and abstract mathematical problems concerning the relationships between operations (Askew et al., 1997, pp. 15-16 ).
This instrument yielded largely qualitative data and allowed us to gauge progress in all but one of the five strands of mathematical proficiency (that of productive disposition), making it an ideal instrument for use in this pilot club.
As part of the first author's doctoral study we also collected less formal data from each club session in the form of observations, journal writings, learner workings, photographs and sometimes video. These were used to record explanations given by learners in the sessions as well as to document any interactions that took place between the learners and form secondary data to support data collected from the two key instruments described above. Whilst we had not anticipated the significance of our post-club reflections, these became the key drivers for planning each subsequent session and re-planning and refining the data collection. These in-depth discussions took place between the mentors (the authors) every week directly following each club session and lasted on average half an hour. Detailed notes and sometimes recordings were made of what was discussed. The story of how this became critical in the design of our clubs and for our research of the clubs is elaborated in the following sections. In this way we collected both quantitative and qualitative data for the pilot club, taking a broad, concurrent mixed method approach.
Ethical considerations
Ethical permission from the university and from the Eastern Cape Department of Education was obtained through the usual procedures. Working as we were with young learners in the mathematics clubs, we obtained explicit informed parental consent in the form of signed letters, written in the appropriate home language, which explained the research and the anticipated learner involvement. In addition we received teacher, principal and district permission for each school and class that allowed the learners to participate in the mathematics clubs. As the learners were recorded via field and journal notes, video and occasional voice recordings, pseudonyms are used in subsequent publication of data. To this end, learner and where appropriate, school names have been changed. Club participation was voluntary. Learners were able to leave the club at any time if they, their teacher or parent wished them to do so. They were also free to remain in the club but withdraw from providing data for the research, in which case they are not included in any video or voice recordings.
Club sessions overview
The intention in the pilot club was to assess a number of aspects but we specifically wanted to evaluate the design process, the data collection instruments, the club size and promoted activities. Space constraints prohibit an indepth description of the club activities. The sessions were approximately an hour long and activities typically included playing mathematical games, using manipulatives such as place value cards and problem solving. The learners variously worked individually, in pairs or in groups. Further examples are illustrated below.
Lessons from the pilot study Initial club design using zone theory
Before starting the pilot club and guided by our key conceptualisations, we devised a comprehensive design for the structure and planning of the clubs. The design we chose was based on an extended version of zone theory used by Goos et al. (2007a) . This design was multifaceted and gave us space to accommodate the dialectical tensions between the acquisitionist and participationist aspects of the club. On a more practical level it enabled us to conceptualise and plan how we thought the clubs might work in practice by providing us with a process for setting goals and planning and evaluating the ongoing learning programme in the mathematics clubs. As the process is iterative and cyclical we could use it to evaluate what was working and what was not and use this to plan and implement subsequent actions and activities in the clubs. Furthermore, the decision to use this model highlighted the learning environment of the clubs as a dynamic and growing entity. Goos et al.'s (2007a) version of zone theory uses zones of promoted action to describe and plan promoted learning activities, zones of free movement to describe and plan the learning environment and the zone of proximal development to describe and consider the learner's existing understanding of mathematics. It is worth noting two other key features of their approach which they incorporated from work done by Loucks-Horsley, Love, Stiles, Mundry, and Hewson (2003) . The first is the iterative nature of the design, which allows for ongoing evaluation of the planning and implementation of the environment, the activities and the possible learning that might take place. The second is that data analysis is the precursor to any planning or implementation (see Figure 3) . The significance of these features will become clearer as our story unfolds.
An overview of zone theory
Valsiner (1997) expanded Vygotsky's (1978) notion of the zone of proximal development to include two additional zones of interaction: the zone of free movement (ZFM) and the zone of promoted action (ZPA). These describe the structure of a child's development in terms of the environment and relationships between the child and other people in the environment (Goos et al., 2010) .
The ZFM, ZPA and ZPD can be seen as structures through which an adult or more knowledgeable other constrains or promotes a learner's thinking and acting and as such the ZFM/ZPA combination interactively generates the environment in which that learner develops. Blanton, Westbrook and Carter (2005) draw attention to a view that 'the ZFM and ZPA are dynamic, interdependent constructs that are continually being reorganized in the learning process' (p. 7). Galligan (2008) also uses the word interdependent to describe the three zones and summarises the theory skilfully: 'Valsiner's three zones constitute an interdependent system between the constraints put on the environment of the learner and the actions being promoted for the learner' (p. 2).
Whilst the ZPD may be a well-known concept to most in educational contexts and is discussed in detail later in this article, the ZFM and ZPA are less well known. For this reason we provide a brief overview of the zones as conceptualised in zone theory.
The zone of proximal development in zone theory Valsiner (1997) regards the ZPD as a set of possibilities for development that are in the process of becoming actualised as individuals negotiate their relationship with the learning environment and the people in it.
The zone of free movement Hussain, Monaghan and Threlfall (2011) explain that the ZFM represents the learner-environment relationship at a particular time in a certain environmental context. They point out that it is a dynamic and social construct and is created through the social and cultural interactions of all the people in the environment. It shapes the norms and values of the environment. Galligan (2008) points out that the ZFM itself can be set up either by the adult participants, by the learners themselves or through the joint action of all participants.
In essence, the ZFM is a function of what is allowed for the learner by the adult. On the one hand, the way an adult organises the ZFM anticipates the nature of the child's thinking about the concept being taught, at that moment and in the future. In this sense, the ZFM ultimately channels the direction of development for the child, providing a framework for cognitive activity (Blanton et al., 2005; Galbraith & Goos, 2003; Galligan, 2008; Goos et al., 2010; Goos, Dole & Makar, 2007b) .
The zone of promoted action
This is the set of activities, objects or areas in the environment through which an adult or more knowledgeable other attempts to persuade a learner to act in a certain way. The ZPA describes what the adult is promoting. However the learner is under no obligation to accept what is being promoted, as in the case where learners may not wish to actively participate (Blanton et al., 2005) .
The ZPA should also be in a learner's ZPD. For example, having poor mathematics skills in a class which assumes basic mathematics skills may result in the learner's inability or reluctance to participate or learn. On the other hand those learners who believe they already have the necessary skills may not participate either (Blanton et al., 2005; Galbraith & Goos, 2003; Galligan, 2008; Goos et al., 2010; Goos et al., 2007a ).
An overview of both zone theory and the iterative nature of the process are shown in diagrammatic form in Figure 2 and Figure 3 . For a more detailed discussion of this initial design, see Graven and Stott (2012) . Figure 2 shows how the zones overlap to form a design for a learning community. Figure 3 highlights the key features of the design process incorporated from Loucks-Horsley et al. 's (2003) work as highlighted in the discussion above. The three zones form the basis of the design, and the process is initially linear (analyse, set goals, plan, implement and evaluate). As a result of evaluation, the entire process starts again and, as dynamic constructs, the three zones are adjusted accordingly.
Experiences from the pilot study
During the early part of the pilot, the design of the sessions became much simpler and a more focused design emerged. Two things drove this change. The first was the data we collected using the diagnostic instrument in September and the second was the pivotal role of post-club reflection. Timely analysis of the diagnostic data collected allowed us to use a data-driven approach to determine where individual learners were struggling.
Whilst post-club reflections were an unanticipated part of our data collection, they rapidly became a fundamental part of the ongoing design, thus entwining both the data collection and design processes. Made possible by the small numbers of learners and by having two mentors, these reflections became focused on two aspects: the club activities, participation and 
ZPA Activities

ZFM Environment
ZPD Learner
The set of activities, objects, or areas in the environment by which an adult or more knowledgeable other attempts to persuade a learner to act in a certain way. The forces that seek to drive learning.
A set of possibilities for development that are in the process of becoming actualised as individuals negotiate their relationship with the learning environment and the people in it.
The learner-environment relationship, at a particular time in a certain environmental context. A dynamic and social construct created through the social and cultural interactions of all the people in the environment. It shapes the norms and values of the environment.
Dynamic, interdependent learning community -interactively generates the environment in which learning develops
progress as a whole and on individual members' participation progress and mathematical proficiency progress. These reflections and the other data enabled us to plan interventions or activities for each subsequent club session that would promote each learner's mathematical proficiency and would encourage their participation in the club.
Reflection was an integral part of our original iterative design process but it was more in the form of formal evaluation at the end of a particular implementation cycle. During the pilot we realised that our weekly, post-session reflections provided one of our key sources of rich learner data. They thus became an integral part of the data collection process from there on and provided significant input for each subsequent session design. We recognised that without these reflective events, we would not have had the insights into the learners, nor would we have arrived at a simpler, more learner-centred design that speaks directly to our research foci.
We illustrate how this reflection influenced subsequent session design with an example. In session 6, we noted that the majority of the learners were very weak on number bonds. The bonds to 5 and 10 were not recalled automatically and learners used counting on by ones or used their fingers to work them out, for example, to work out the answers to 2 + 8 or 2 + 98. Their grasp of basic number sense and basic bonds was severely limited so we noted that we needed to work on increasing their proficiency in these areas over a period of time. We realised that one session was not going to be sufficient to do this. After discussion, we decided to introduce some games that would allow learners to practise their bonds in an ongoing and fun way whilst also promoting interaction and communication amongst themselves and with others. In the next session we introduced a variation of a card game called Pyramid which worked with the basic bonds to 10 and which they could play individually or in pairs. In subsequent sessions we used the same game to work with bonds to 11, 12 and 13. We gave each learner a pack of playing cards and asked them to teach the game to someone at home, so that they could practise it outside the club, with the intention of creating a third site of learning. To provide reinforcement in basic number sense and bond proficiency and to supplement the learning, we introduced the learners to a progressive series of workbooks (Brombacher & Associates, 2012), which we found to be accessible, to involve limited reading and allowed them to work through activities at home, at their own pace and without adult supervision.
Post-session reflections had another advantage that was unexpected. Reflecting on each individual learner's participation and mathematical proficiency in each session enabled us to document and record individual learner stories in a detailed manner. Using the reflections, personal journal entries and other data, we were able to compile what we called 'individual learner story cards'. Here we recorded information about their mathematical proficiency, their disposition and attitude towards mathematics as well as their participation in the club. We could see from this how the learner was progressing (or not) in the club in terms of mathematical proficiency as well as the nature and level of their participation and engagement.
Through this process of reflecting on each individual learner's progress and proficiency, we became increasingly aware of the emergence of each learner's zone of proximal development in a way that we had not considered before. We saw distinctive and fluid ZPDs arising during sessions. We realised that by noting and discussing these we could use them to design subsequent activities, tailored for each learner. We also saw that the ZPDs arose both when we as mentors were mediating and increasingly in peer interactions, even though the learners had initially resisted this.
In this way, over the course of the pilot, the ZPD became the critical design concept for subsequent club sessions that supported individual tailoring of activities. Whilst our initial design took into account the ZPD, it was not foregrounded as a critical element; rather it was considered equally as one of the three elements (see Figure 4) . Our post-club reflections allowed us to zoom into more detail about the individual learners and to focus on the ZPD aspect. This is not to say that the two other zones became irrelevant; they were simply no longer considered with the same emphasis as the ZPD and were less foregrounded. However, they were still a necessary aspect of the club design and allowed for zooming out to see and plan for the bigger picture of the club as a whole.
The zone of proximal development in the clubs
A review of the literature shows the ZPD to be conceptualised in many ways. Chaiklin (2003) points out that 'Vygotsky's concept of zone of proximal development is more precise and elaborated than its common reception or interpretation' (p. 39). We briefly discuss these different interpretations as a way of making sense of this diversity.
Primarily conceptualised as 'scaffolding' of learning by adults and teachers, the notion of the ZPD was developed by Wood, Bruner and Ross (1976) . Scaffolds may take the form of more knowledgeable people or cultural resources external to the learner which support their learning. This enables them to ZPA, zone of promoted action; ZFM, zone of free movement; ZPD, zone of proximal development. build on their own existing knowledge and internalise new information. This interaction with a more knowledgeable other has also been called an expert-novice ZPD. This view, as Roth and Radford (2010) point out tends to result in unequal status learning:
The notion of zone of proximal development has come to be used widely to theorize learning and learning opportunities. Unfortunately, following a simplified reading of its original definition and primary sense … the concept tends to be thought of in terms of the opposition of individuals. One of these individuals, a teacher or peer, is more capable than another individual, the learner. (p. 299, [emphasis original]) Vygotsky (1978) talked a great deal about how children learn when playing with peers. Some researchers believe that there is learning potential in peer groups and the interactions are seen as working in or creating a bi-directional or collaborative ZPD (e.g. Forman, 1989; Goos et al., 2002) . In this egalitarian conceptualisation of the ZPD each partner possesses some knowledge and skill but requires the others' contribution in order to make progress.
As mentioned in the brief discussion on zone theory above, Valsiner (1997) regards the ZPD as a set of possibilities for development that are in the process of becoming actualised as individuals negotiate their relationship with the learning environment and the people in it. To explain how these possibilities actually emerge from the possible, Valsiner proposed two additional zones: the zone of free movement (ZFM) and the zone of promoted action (ZPA), which have been discussed previously. For Valsiner, these two additional zones create a better understanding of how the ZPD operates in a specific learning context. Meira and Lerman (2001) argue that the ZPD would be better conceptualised not as a physical space, in the sense of the individual's equipment (either cognitive or communicative), but as a symbolic space involving individuals, their practices and the circumstances of their activity. This brief view of the different conceptualisations of the ZPD affords us an overview of this complex notion and indicates that it is one that is still very current in mathematics education research. Below, we talk about the concept of the ZPD that emerged for us as most appropriate in our pilot club and thus position ourselves in this discourse.
Contrasting the zone of proximal development in our initial design and what emerged from our observations
The ZPD (as part of zone theory) was one of three equal elements of the initial design approach, which also included the ZPA and the ZFM as discussed earlier. Following Goos's (2006) example, we characterised the ZPD as 'a set of possibilities for development that are in the process of becoming actualised as individuals negotiate their relationship with the learning environment and the people in it' (p. 103). It was also important that the ZPD construct was a way of recognising the status of learners' existing understanding, which would enable us to plan activities and mediation approaches. This initial conception of the ZPD was more in line with it being interpreted as a 'physical space' that existed in the learners themselves prior to club learning activities that took place. The assumption here is that learners would bring their potential ZPD with them into the club session. This ZPD would be enabled through mediated participation in the club activities but could also be constrained and enabled by what had been acquired in previous learning episodes. This conception also assumes that the learner would then take their ZPD away from the club sessions too.
However, what we saw during the pilot was a ZPD that was much more fluid and less of a fixed set of pre-determined possibilities. It seemed to be largely determined by how the learners interacted with each activity. Additionally, what they brought to each activity was clearly dependent on a whole range of social, emotional, health and other interactional influences.
Thus, what we mean by fluid is that the ZPD was not durable from one session to another. Again, we illustrate this with a couple of examples. We noticed that one of the club learner's energy levels and health affected how she interacted and what kind of ZPD emerged for her in any given session. When her energy levels were high, she was focused, engaged, participated in the talk and made great strides in her developing proficiency. At these times an expanded ZPD emerged for her. On another occasion, by her own admission she was feeling unwell and we could see that she had reverted to her trusted finger counting strategy for working out the answers to problems posed in the activities. Understandably, she engaged with the activities in a far more limited way than she had previously and thus she didn't involve herself in any mathematical talk. A more limited and constrained ZPD emerged in the club for her that day.
Another learner, a boy called Reg, was usually quiet during sessions, did not contribute to ideas or explanations and did not seem to be fully engaged with the mathematics in a meaningful way. One could say that the ZPDs for Reg in most sessions were hampered by his stifled participation. However, one day a boy he always sat with was absent and the difference in Reg was visible: his eyes sparkled; he contributed to discussions and talked confidently to his partner during activities. For him that day, a large ZPD emerged in his interactions with us and his peers that he partnered with for various activities. Interestingly, he managed to continue this more active participation in subsequent sessions, almost as if his confidence had increased in that one session.
What we observe from these examples is that the level of mathematical participation in the club was influenced not only by the activities promoted in the club but also by energy levels (e.g. tiredness), emotional and physical factors, interactional aspects and group dynamics. These observations resonate with the work of Lerman (2001, 2009 ) who have used the ZPD as a tool to both analyse and design learning environments. They believe that when working from a sociocultural perspective, the ZPD may be conceptualised as a 'symbolic space involving individuals, their practices and the circumstances of their activity' and that learners can be 'pulled into their zpds by a combination of the activity, the actors, and appropriate communication' (Lerman, 2001, p. 103) . This idea of pulling a learner into a ZPD by a combination of factors (activity, actors and communication) indeed surfaced from our own observations. This reasoning led us to focus on Meira and Lerman's work for exploring learning in the club.
Furthermore, Levykh's (2008) work echoed our experiences with learners: he draws attention to the affective aspects of the ZPD. Whilst aligning with Meira and Lerman's work he further highlights the ZPD as reflecting 'constant changes in the emotional connections' amongst the participants (p. 91). He states that Vygotsky was 'always a strong opponent of treating intellectual and affective aspects of human life as separate ' (p. 91) and that Vygotsky combined affective and intellectual features in his notion of the ZPD. Meira and Lerman (2001) work with a notion of the ZPD where the zones emerge or not in the activity and as a result of different ways of participating and communicating in the classroom. They also point out that the ZPD is not a generalised, context-free notion (Meira & Lerman, 2009, p. 203 ). Meira and Lerman are not the only researchers to conceptualise the ZPD as a space for interaction and communication. Radford (2010) claims that the ZPD is a relational concept rather than an absolute one, one that is forged out of the interaction between students, and between the students and their teacher. ... The ZPD is not a static thing that belongs to one particular student but rather a social, complex system in motion. (p. 116) Roth and Radford (2010) reveal another interesting way of conceptualising the ZPD as a space for interaction and communication. They propose that asymmetries (a lack of symmetry) in the ZPD are possible because of the 'existing intercomprehension of interacting participants'. The participants can become each other's teachers and learners regardless of their actual formal or institutional positions (p. 300). If the conversation is taken as the unit of analysis, in which each word spoken has two sides or possible meanings, any asymmetry within the unit, can be thought of differently. They summarise their conceptualisation thus: 'the zone of proximal development is an interactional achievement that allows all participants to become teachers and learners' (p. 307).
Intercomprehension can be described as a dialogue between people who use two different languages and in which each one makes efforts to understand the other. In the context of mathematics, we can see this intercomprehension occurring between a teacher and learner where the teacher is talking in accepted mathematical language and the learner is using their own everyday language. Roth and Radford are saying that because the participants are effectively speaking slightly 'different' languages, their interactions can cause them to swap roles to teach and learn from each other. In this conceptualisation, the teacher is not seen as the 'more knowledgeable other' and both can enter the ZPD as equal partners.
This idea of a ZPD of equal interaction partnerships is echoed in work by Goos et al. (2002) . They use the term 'collaborative ZPD' in their research on small group learning to emphasise the equal status interactions that occur in the ZPD as opposed to expert-novice notions of the ZPD, such as a more knowledgeable other. Allal and Pelgrims Ducrey (2000) describe a learning setting where the type of interactive, formative assessment is similar to the way we use our diagnostic instrument described earlier. They point out that in this type of setting, there is a potential for multiple ZPDs to be created and for these to vary from one learner to another. The social interactions, dialogue and the appropriateness of the mediations with respect to the learners' present level of mathematical proficiency cause these zones to come into being. In this type of context, the dialogues between the different participants allows exploration within the zone of proximal development created for a given child, at a given moment, by on-going social interaction. … In a certain sense, the ZPD has no real existence outside the interactions that mediate the teaching-learning process. (Allal & Pelgrims Ducrey, 2000, p. 146) This reflects the idea that the ZPD is fragile and that it doesn't exist outside of the social interactions that take place in the learning setting. It also reinforces the idea that the combination of interactions, dialogue and mediations all affect the emergence of a ZPD in learners.
The key ideas that surface from looking at this selection of conceptualisations are that the ZPD is formed through interaction and communication during learning activities, that the participants in the ZPD have equal status and that the ZPD is a relational and complex system.
In the next section we elaborate on the ZPD as a construct as re-conceptualised based on our experiences during the course of the club pilot in 2011.
Emerging zone of proximal development constructs from the pilot club
A combination of the concepts from this pool of ideas, with a bias towards those of Meira and Lerman (2009) and Allal and Pelgrims Ducrey (2000) , provides us with a set of four characteristics for our ZPD construct that have become essential for the ongoing club design.
Firstly, the ZPD does not exist prior to the activity and it is created, or not, by the social and dialogical interactions during the club activities, as part of the micro-culture of the club. These ZPDs do not 'live' in the learner and are therefore not necessarily carried forward to the next session of the club by the learners or into the classroom environment. In other words, they are fragile spaces. Secondly, the learner's current level of mathematical proficiency and confidence, along with their emotional and physical state, determine the type of interaction in which they can become involved and from which they can benefit. Thirdly, the participants in the learning are, in most cases, of equal status. Finally, learning may be initiated by learners as well as by mentors and is possible that there is learning for everyone involved in a specific interaction.
Conclusion
In this article we described a journey of a mathematics club design process based on our experiences with a pilot club. We highlighted the nature of the dialectic between the design process and the empirical field. We have shown how we used empirical evidence to move from an initial multifaceted design to a much simpler, more learner-centred design. Our experiences have brought to light the entwined nature of the data collection process and the design, the significance of the post-club reflection sessions as a primary form of data collection for planning the club sessions and how the combination of features described formed a ZPD construct tailored for our clubs which became the critical design concept for each session for each learner.
These findings will continue to inform the ongoing design of learner clubs in our work. The data collection process and the club sessions will be designed and planned using the same data-driven and reflective process. This article reported on our learning journey from our pilot mathematics club in 2011 to our current clubs. In 2012 we have set up nine more clubs. We plan to explore the notion of the ZPD in more depth in subsequent work.
